DOCUMENT BESUHE 



ED 034 689 



SE 007 698 



A UT**OR 

T NS" , I MOTION 
dt?PO?t KO 
PDB DA TF 
»OTE 



Frown, Kenneth E« ; Abell, Theodore L. 

Analysis of Fesearch in the Teaching of Mathematics. 
OE^ice of Education (DREW) , Washington, D.C. 
OE-29007-62 
65 

104o. 



FD°S PRICE EDPS Price MF-S0.50 HC-95.3C 

DESCRIPTORS Educational Research, Government Publications, 

Indexes (Locaters) , *Mathematics Education, 
Mathematics Instruction, Research Problems, Research 
Projects, Research Reviews (Publications) 



ABSTRACT 

This is the sixth in a series of publications 
prepared by the U.S. Office of Education which are concerned with an 
analysis of research in mathematics education. This publication 
presents a summary analysis of research in mathematics education and 
includes reports of Cooperative Research Projects supported by the 
Cooperative Research Program of the U.S. Office of Education for the 
years 1961 and 1962. Reports of research were received from 
eighty-three colleges and one hundred and seventy-four reports were 
selected for inclusion in this publication. The reports deal with 
elementary school, high school, and college mathematics and include 
doctoral dissertations, master’s theses, and nondegree studies. (FL) 
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FOREWORD 



This is the sixth in a series of publications that began in 1952 
when the U.S. Office of Education, in cooperation with the Na- 
tional Council of Teachers of Mathematics, prepared a summary 
of research in mathematics education, Circular No. 377. This 
summary wae followed in 1954 by another, Circular No. 377-11. 
Favorable comments encouraged the inclusion of an analysis with 
the summary for 1955-56, a feature that was retained in the two 
biennial reports that followed. This present pub'ication con- 
tinues the series of cooperative efforts by presenting a summary 
analysis of research in mathematics education for the calendar 
years 1961 and 1962. In addition, this publication includes re- 
ports of Cooperative Research Projects in mathematics that have 
been completed. 

Appreciation is expressed to the deans of graduate schools, to 
researchers, and to others who supplied the reports on which the 
study is based. The Office of Education is grateful to the National 
Council of Teachers of Mathematics for its assistance in the study. 

J. Richard Suchman, Director , 
Curriculum and Demonstration Branch. 



PREFACE 



To obtain the information for the major part of this study, the 
U.S. Office '« c Education, with the assistance of the National 
Council of Teachers of Mathematics, sent a questionnaire to 1,049 
colleges ; this number represented colleges that offered graduate 
work in mathematics education and those whose staffs or students 
had ms do contributions to previous studies in this series. 

Reports of research were received from 83 colleges. Of the 215 
studies reported, 174 were selected for inclusion in the listing in 
this publication. Doctoral dissertations constituted 111 of the 174 
studies; master’s theses. 41; and nondegree studies, 22. The 
imestigations dealing primarily with elementary school mathe- 
matics numbered 48 ; with high school mathematics 81 ; and with 
college mathematics 45. 

The information on the studies funded by the Cooperative Re- 
search Program was obtained from within the Office of Education. 
Descr ; ptions were prepared from the final reports submitted for 
each project. Persons interested in studying the final reports may 
obtain copies from two sources: (1) libraries which subscribe to 
the Library of Congress Documents Expediting Project (includ- 
ing many State university libraries), or (2) the Library of Con- 
gress Photoduplication Service, Washington, D.C., which has 
microfilm copies of all final reports available for about $2.25 per 
copy (requests for microfilm copies should identify the Coopera- 
tive Research Project by project number, title, and author) . 

Kenneth E. Brown 

Specialist for Mathematics 

Theodore L. Abell 
Research Assistant 
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Section l. ANALYSIS 



Elementary School 

The new elementary mathematics programs present many 
topics and terms that traditionally have been reserved for more 
advanced students. It is natural for teachers to question the 
ability of young pupils to understand these concepts and terms, 
and the research has reflected their concern. The studies seem 
to indicate, however, that many young children can learn more 
mathematics than has been expected of them, but because of 
differing abilities and differing backgrounds, not all of them can 
learn the same things at the same age. It may be desirable for 
some pupils to explore nondecimal systems of numeration in order 
to understand the decimal system better, but others may know so 
little about the decimal system to begin with that such a procedure 
would only leave them in confusion. Thus the crucial question 
seems to be, what mathematics should what children learn at 
what age? And on this question, very little research is available. 

Aids in effective learning were also a subject of inquiry and, 
similarly, the crucial question was, which aids for which children 
and for which topics? If children differ and if they learn differ- 
ently, some techniques must be more effective with one child than 
others. Indeed most of the aids that were advocated did seem to 
help some pupils. 'Multisensory aids, for example, have been 
shown to be helpful to some pupils, but research has given little 
direction as to which students and with which concepts any given 
multisensory aid should be used. 

Similarly, grouping seems to increase learning of certain topics 
with some pupils, but the question — when and how can grouping 
be helpful? — remains unanswered. 

The several research studies on the best method of teaching a 
particular skill or concept belong to a type of research that has 
not yielded great returns. Perhaps there is no one best method 
for all pupils to estimate quotients or to learn fractions. There 
may be a \ery effective method for teaching certain pupils, but 
until research discloses more information on which ones, success- 
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ful teachers will no doubt continue to use many methods in 
attempting to clarify a mathematical concept. 

The highlights of the research done in 1961 and 1962 are given 
in the following series of questions and answers. 

To what extent can mathematics concepts he developed in the 
elementary grades? 

The research seems to indicate that young children can learn 
considerably more mathematics than the present programs include 
(19).* In one study emphasizing structural concepts, the experi- 
mental group achieved significantly higher than the grade place- 
ment norms for the post test (114). Another investigator found 
second-grade children ready for third-grade work in arithmetic 
(105). 

A study of the SMSG (School Mathematics Study Group) text 
for grade four showed no significant difference in mastery of 
traditional work by a group using the S T Gr material and another 
group using a traditional text. However, the learning of sets and 
geometry by the SMSG group was not reflected in their perform- 
ance on the test (86) . 

Some of the new mathematics principles and processes were 
introduced into a traditional sixth-grade program in which the 
pupils became more interested in mathematics and exhibited an 
increase in skill in traditional mathematics (155). 

A programed text for a 2-week unit in equations and inequali- 
ties in terms of sets and sentences was developed and field tested 
for use at the fifth- or sixth-grade level. The technique was 
recommended for schools lacking other means of providing in- 
struction for the mathematically talented (82) . 

Do manipulative materials increase achievement? 

The “bundles” method and the “hundred boards” method of 
teaching place value to first-grade children seemed to supplement 
each other (162). A commercially produced, expensive set of 
number aids was found to be no more effective than inexpensive 
materials selected by the teacher (66). Use of a variable-base 
abacus for counting in numeration systems other than base 10 
produced no significant gains over the use of the chalkboard 
alone (79). 



• The number! in p*renthe*e* throughout see. I denote the number of the study *s listed in 
see. IL 
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Counting devices, pictures, games, and supplementary materials 
have shown a decided increase in use in the last two decades, 
particularly in the primary grades (154) . 

Does grouping for instruction increase achievement ? 

This question continues to intrigue investigators, and the evi- 
dence remains inconclusive. In one study randomly grouped 
pupils made significantly greater gains in computation and reason- 
ing than pupils who were specially grouped within grade levels 
(32). In a nongraded school, teacher-prepared materials for 
pupil self-instruction gave promise for use with achievement 
grouping (178). Subgrouping within a classroom with emphasis 
upon meaningful instruction, produced significant gains (34, 77, 
159) . One study indicated that removal of the top group might be 
beneficial for the less able students (106). Junior high school 
pupils believe that the top and low’ groups of students benefit most 
from ability grouping (72) . 

Does pupil attitude affect achievement ? 

One investigator found a higher correlation between pupil atti- 
tude and achievement for arithmetic than for spelling, reading, 
or language (46). A student’s general ability to learn seems to 
be associated with his liking for arithmetic (135, 147). Teacher 
observation appears inadequate as a method of appraising student 
attitudes toward mathematics (13). 

A case study indicated that underachievement did not become 
apparent until the fourth grade. Subjects tended to be from home 
environments +hat provided little intellectual stimulation, and 
were characteristically withdrawn and defeatist in their attitudes 
toward school (128). 

Socioeconomic environment was found to have a positive rela- 
tionship to achievement (28). 

Is there a most effective method of teaching fractions? 

There are probably too many variables in instructional 
situations to find one most effective method. In teaching multi- 
plication of fractions, the use of a flannel board with felt discs and 
automated devices produced significant achievement (107). A 
comparison of the “mechanical” with the “meaningful” method in 
the diwsion of fractions produced no significant difference in 
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achievement (143) but the meaningful method produced greater 
retention (88). The teaching of computation with decimal frac- 
tions prior to any formal computation with common fraction*, 
when based on an orderly extension of place value, produced 
significant gains over the usual procedure (44). During the past 
decade greater emphcsis has been placed on deriving «. n d proving 
thp i in performing operations with fractions (it-. ' 



Which method of estimating the quotient is be He 

The research seems to indicate that there is no one best method. 
A computational analysis of the division of 44,550 dividends by 81 
two-digit divisors (nonmultipies of 10) disclosed that the “round- 
off” method gavp the true quotient on the first estimate a greater 
percent ox time than Cither the “apparent” or the “increase- 
by-one” method. In a study with fifth-grade children, however, 
the three methods were equally effective in improving children s 
abilities to estimate auotients (0?) . 

In division by one- and two-place decimals, children preferred 
to use the caret sign to show that the divisor and dividend were 
multiplied by a power of 10 (78) . 

How can problem-solving abilities be improved ? 

Vocabulary exercises, talking through problem situations, 
diagram ning the problem, estimating the answer, and writing 
solutions produced a slight gain in favor of the experimental 
group (45). Both above- and below-average problem solvers 
benefited from 30 problem-solving lessons, each written at two 
levels of difficulty and each followed by an optional difficult prob- 
lem titled “How’s your P.Q.?” (127). Changes in patterns of 
thinking produced by use of a specific textbook series were not 
accomnanied by a significant difference in measured problem- 
solving competence (97) . 

Does increased time increase achievement ? 

Pupils studying arithmetic 55 to 60 minutes daily made 
significantly greater gains both in arithmetic reasoning and in 
computation than did those studying the - abject 35 to 45 minutes 
daily. These findings, which were for the group as a wh le, were 
also confirmed by the findings, respectively, for the subgroup with 
IQ’s of 95 or below and the one with IQ’s of 115 or above (80). 
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How effective is classroom teacher followup to televised 
instruction? 

More research is needed on this question. One investigator 
sought to measure the value of an introduction and followup to 
tele\ised arithmetic instruction. One class merely viewed the 
program. Another class, which received help from the teacher 
before and after the viewing, made greater gains during the first 
half of the experiment, but did not achieve significantly higher 
during the second half (171). 



Junior and Senior High School 

Many of the studies on high school mathematics are directly 
related to the so-called new mathematics. Considerable interest 
was shown in evaluating the School Mathematics Study Group 
material. Most of these evaluations compared, by means of tra- 
ditional tests, the achievement of pupiis who studied the SMSG 
material with that of pupils who studied traditional material, and 
most of them showed that the pupils studying the SMSG material 
did learn traditional material. There is evidence that these pupils 
learned additional material, too, that the others had no oppor- 
tunity to learn. Little information has emerged on the effect of 

the new programs in developing a pupil’s ability as either a scien- 
tist or nonscientist. 

High school pupils have been shown to be capable of learning 
many concepts traditionally reserved for college students. Many 
mathematicians enthusiastically recommend inclusion of the 
“new” topics in the high school program, although seme strongly 
discount their value in high school. Their value is in fact un- 
documented, and at present decisions on the introduction of these 
programs are based generally only on opinions of educators and 
mathematicians. 

The high school studies reported indicate that the chronological 
age of the pupil is not the prime factor in determining his ability 
to understand mathematical concepts. In one study, 10 percent 
of the fifth-grade pupils were able to master certain mathematical 
concepts more thoroughly than 10 percent of the pupils in the 
ninth grade. Many studies indicate that certain eighth-grade 
pupils can succeed better in elementary algebra than many ninth- 
grade pupils, but few studies shed light on the desirability of 
eighth-grade pupils learning the subject. 
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Many mathematicians and teachers contend that a knowledge 
of sets and set terminology expedites learning of other topics, but 
the reported research fails to prove or disprove this contention. 
One s^udy reported, however, that a knowledge of sets was of no 
value in developing the rational number system. 

Research workers were active in studying the elFects of pro- 
gramed instruction on the learning of mathematics. Students do 
learn through programed instruction, but whether the> learn 
better than through other methods of instruction is not known. 
In fact, many researchers are more interested in establishing the 
particular things that might best be done through programed 
instruction — for example, drill in multiplication — or in discover- 
ing the characteristics of those students who seem to profit most 
from programed instruction. The important ways in which pro- 
gramed instruction can be combined with conventional instruction 
have not been greatly explored, although its use in connection 
with TV instruction is being investigated. 

Findings on these and other topics are discussed in the follow- 
ing series of questions and answers. 

What do evaluations of the "new” mathematics programs 
show? 

Research seems to indicate that high school students using a 
modern program do as well in standardized tests as students 
using traditional material. In addition, the students of a modern 
program learn concepts not treated on the usual standardized 
test. 

One investigator found that 92 classes of students using SMSG 
materials in grade 7-12 did as well as students from all parts of 
the Nation have done on standard tests (87). Another investi- 
gator found that students who were taught with traditional texts 
performed as well on standardized achievement tests as those who 
used SMSG texts (171). A third investigator obtained a similar 
finding (140). 

In a comparison of achievement by a ninth-grade group using 
the UICSM (University of Illinois Committee on School Mathe- 
matics) text with that by another ninth-grade group using a 
traditional text, students who were in the uppermost third on the 
basis of intelligence made a significantly greater gain in under- 
standing basic mathematical concepts (99). 

In a comparison of algebra textbooks, no radical differences in 
content were found in the Ball State Teachers College program 
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(Muncie, Ind.) SMSG, or UICSM texts, despite the differences in 
their methods of attacking principal ideas (129, 144). A fre- 
quently voiced criticism of the new programs is that they lack 
adequate drill exercises, but one investigator found supplemental 
drill to the SMSG course neither more nor less effective than no 
drill in increasing achievement (81) . 

Five criteria were established for the selection of topics for a 
modern mathematics curriculum, and an analysis was made show- 
ing how they might be used in appraising a curriculum (59) . 

A comparison of the effectiveness of teaching a deductive 
number-systems course through algebra as against teaching it 
through geometry produced a difference in favor of the former, 
although not a statistically significant one (11) . 

Do the SMSG 7R and 9R (regular) texts produce greater 
achievement gains than the 7M and 9M (for the student whose 
mathematical talent is underdeveloped) texts? One study found 
that, for each teacher, the average score on the SMSG unit tests 
was higher for students using the M text than for those using the 
regular text. Average scores on STEP tests showed no consistent 
difference (49). Teachers generally preferred the M text over 
the regular. Another study (113) indicated that the M texts 
tended to facilitate the learning of mathematics for high-abiiity 
students except the very highest achievers. 

One investigator found a reordering of topics necessary for a 
rigorous treatment of the limit concept in the SMSG textbooks 
(71). 

How can the "new” mathematics be used to supplement 
traditional programs? 

To ease the introduction of completely new mathematics pro- 
grams, some investigators suggest a gradual transition. One 
investigator developed transition units on numeration systems, 
elementary set theory, geometry, and properties of numbers for 
use in ^rade 8 (117). Another prepared materials for use with 
a vet age or above-average students in the seventh or eighth grade 
(164). 

Spending 15 minutes twice weekly for 6 weeks on each of three 
of the newer topics was found to produce a significant difference 
in achievement gains (153). 

An introduction to set theory was prepared primarily for 
secondary school teachers not well versed in formal set theory 
(25) . A unit on prime numbers and their uses as concept builders 
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was developed to assist teachers who lacked background knowl- 
edge (120). 

To bridge the gap between traditional high school mathematics 
and college matnematics, a one-semester course in modern mathe- 
matics was developed for the 12th grade (60) . 

Use of the discovery method (22) and the deliberate nurture of 
creativity (92) were recommended as means of sustaining student 
interest in mathematics. 

What do the factorial studies of mathematics achievement 
reveal? 

In a study in which fifth-, seventh-, and ninth-grade students 
were taught the same mathematical concepts and were tested in 
the same manner, the highest 10 percent of the fifth-graders 
scored higher than the lowest 10 percent of the ninth-graders ; the 
highest 30 percent of the fifth-graders scored higher than the 
lowest 30 percent of the seventh-graders ; and likewise the highest 
30 percent of the seventh-graders scored higher than the lowest 30 
percent of the ninth-graders (48) . 

One year’s difference in age apparently makes little difference 
in achievement in beginning algebra. One investigator found that 
eighth-grade students achieved significantly higher scores than 
ninth-grade students (93). 

One group of eighth-grade students who had been taught sets, 
partitions, variables, definitions, postulates, operations, relations, 
and a postulational development of the rational number system 
did not perform significantly higher on a test of nonpositive 
rational numbers than another group of eighth-grade students, 
who had been taught taxation, insurance, banking, interest, and 
the metric system prior to the traditional development of the 
rational number system (73) . 

Teaching seventh-grade mathematics by the algebraic equation 
approach produced no significant difference in mathematics 
achievement (58). 

Televised lessons on enrichment topics did not produce signifi- 
cantly greater achievement than face-to-face instruction provided 
by the same instructor ( 16) . 

A 10-day introductory unit in model construction in solid 
geometry did not increase the achievement gain significantly 
( 122 ). 

A Nebraska study indicated a significant relation between 
teachers’ backgrounds in mathematics and pupil achievement in 
algebra (53, 96). 
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Doubling the length of the class period to 110 minutes, but 
having the class meet on alternate days, ipade no significant 
difference ir. achievement gain. A significant difference did avor 
the 110-minute class, however, when a variety of classroom and 
laboratory activities were used (65) . Increasing the number o 
class periods weekly from four to five (thereby increasing the 
total time) resulted in greater achievement (177). 



Is programed instruction effective? 

The research seems to show that pupils do learn through pro- 
gramed instruction; however, research does not show that pio- 
gramed instruction is better per se than conventional instruction. 

A review of the history, theory, implementation, and possible 
outcomes of programed learning led one researcher to conclude 
that the method may best be used as a research tool by the class- 
room teacher (138). 

A comparison of the amount of learning produced by linear and 
branch methods showed no significant difference (123). In an- 
other study che verbal deductive technique was found superior to 
other combinations of deductive, inductive, verbal, and nonverbal 
modes (14). 

Eighth-grade students achieved an understanding of the ele- 
mentary aspects of the convergence and divergence of infinite 
series through programed learning (33) . When programed mate- 
rials in a teaching machine were used as a supplement to usual 
class instruction in elementary algebra, the better student made 
more use of the programed material, and the more able the stu- 
dent, the greater the achievement gain (54) . 

A programed supplement permitted more material to be covered 
in less time (124). A study of programed learning in first-year 
algebra showed no appreciable gain over traditional methods, 
although the high-ability students proceeded more rapidly, com- 
pleted more materials, and achieved a higher level of mastery. 
There was some ground for believing that the method was dis- 
advantageous for the slow learner (109) . A study of retention of 
factual knowledge learned by programed instruction revealed no 
significant difference from that achieved by the usual methods 
(131). 

What are the best predictors of success in mathematics? 

One school system found the eighth-grade mathematics grade 
mark to be the best single predictor of success in first-year 



10 



ANALYSIS OF RESEARCH IN THE 



algebra (9). In another study the algebra I grade marks gave 
the highest correlation with algebra II grade marks and with the 
smallest standard error of estimate (148). The algebra I grade 
mark also gave the highest correlation coefficient based upon one 
variable for success in plane geometry. Statistically, a signifi- 
cantly greater correlation coefficient was obtained through use of 
the verbal IQ score and the algebra I grade mark (57) . 

Teachers’ ranking of pupils’ mathematical competencies showed 
a significant relationship with the achievement of academically 
talented students in an accelerated mathematics program (94). 

Scores on a surprise test to determine the accuracy with which 
junior high school students could define 30 mathematical terms 
did not correlate with end-of-course marks (42) . 

Can junior high school pupils learn elementary probability ? 

No research was reported on the effectiveness of a junior high 
school course on probability. One investigator found that stu- 
dents of average and superior ability possess a foundation rf 
knowledge on which instruction in probability could be ba.,od 
(95). 

What modifications should he made in the geometry program? 

Little research was reported on new geometry programs. One 
investigator developed a plan for incorporating some of the recent 
recommendations into a traditional geometry course (35). 
Another found no significant difference in achievement between a 
modified geometry program and one of the traditional programs 
(23). 

To conserve time and to gain advantages of learning plane and 
solid geometry in the same course, suggestions were made that 
could be adapted to most geometry textbooks (70) . 

Is the vector method effect! jor teaching analytic geometry? 

Recently, there have been many articles suggesting the vector 
approach for teaching high school plane geometry and analytic 
geometry in high school, although research on the desirability of 
this approach is meager. One study reports that selected prob- 
lems in solid analytic geometry might be treated more easily by 
means of vectors whereas others lend themselves to a nonvector 
treatment. On the one hand, it may be that the most effective 
method is the use of the vector approach with some topics and not 
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with others. On the other hand, the vector approach may be effec- 
tive with some students but not with others (133) . 

What provisions should be made for students with superior 
ability? 

Fifteen lessons on units not usually treated in a geometry 
course were prepared as enrichment materials. Superior students 
in heterogeneously grouped classes were excused from class one 
day a week to use the units, which proved sufficiently interesting 
to motivate students to independent study (165) . 

Correspondence courses for the 9th- and lOth-grade SMSG pro- 
gram were made available to high-ability students in Iowa, 
Wisconsin, Minnesota, and the Dakotas. Percentage of comple- 
tions would probably have been increased if students taking these 
courses had been accorded regular academic credit and school- 
scheduled time (64). 

High schools in Lincoln, Nebr., revised programs to enable 
students superior in mathematics to take elementary algebra in 
grade 8, intermediate algebra in grade 9, and plane geometry in 
grade 10. College-credit courses in trigonometry and college-level 
algebra were offered in grade 11 and analytic geometry in grade 
12. About 65 percent of students who took advanced credit 
examinations became eligible to receive university credit (158). 

What topics are suggested for ninth-grade general mathematics? 

To generate interest and motivate computation, a unit on 
numeration systems was developed for use at the beginning of the 
course (29). Lessons on elementary statistical concepts and 
coordinate geometry were used with a slow-learning group to 
make mathematics more meaningful (89) . 

Another study developed a student workbook and teacher’s 
guide with content on patterns, numeration systems, sets, factors, 
and primes to be used as preparation for elementary algebra 
(115). Particular attention to selected elements from the history 
of mathematics was suggested as a way of developing under- 
standing and increased interest by the students (51). One study 
pointed out the dearth of research on the slow'-learning child (89). 

Does study of calculus in high school affect achievement in 
college calculus? 

In a study at a State university in which adjustment was made 
for scholastic ability and general mathematical background, no 



12 ANALYSIS OF RESEARCH IN THE 

significant difference in achievement in the university calculus 
course was found between a group that had taken high school 
calculus and another that had not (157) . 



College 

Interest in college mathematics was less widespread among the 
researchers than in secondary mathematics. Eight studies were 
primarily concerned with curriculum content. One of these 
studies recognized the importance of computer technology by 
developing a course on digital computers for engineering students. 
Another developed a course in mathematics for industrial manage- 
ment students in a technical school, and a third sought to develop 
a process for selecting content for a modern course in freshman 
mathematics. A fused course in mathematics and physics claimed 
the attention of two researchers. A lack of qualified instructors 
was preventing a number of small colleges from offering advanced 
mathematics courses; as a solution, one researcher recommended 
the offering of a special mathematics course for the nonmathe- 
matics, nonscience major in liberal arts colleges that require all 
students to take mathematics. 

Teacher education continued to attract the major interest of 
research students. Four studies were concerned with the mathe- 
matical understandings possessed by elementary education 
majors. Many prospective teachers of elementary school mathe- 
matics do not have the understanding of basic mathematical con- 
cepts that experts agree they should have. Operations with 
fractions seem to present the most difficulty. Surveys of teacher 
attitudes confirmed previous findings that those teachers who 
understood basic concepts were more likely to be favorably 
inclined toward mathematics. 

Three followup studies of the National Science Foundation 
institutes revealed that participation generally resulted in updated 
content and enriched offerings in the secondary school courses 
taught by the participants, but that administrative policies were 
likely to discourage the introduction of courses in modern mathe- 
matics. The great need for inservice education was confirmed by 
one survey that revealed that the work of only one of the four 
most influential national groups affecting secondary mathematics 
teaching was known by as many as one-half of all respondents. 
Need to update curriculum content was reflected by another study 
that indicated those currently being prepared to teach mathe- 
matics will be unfamiliar with the types of secondary school 
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mathematics programs in which they may begin their teaching 
careers. Twenty of the 48 studies had some aspect of teacher 

education as their primary concern. 

Experiments with television and programed materials indicated 
that achievement comparable to that attained through traditional 
teaching methods could be expected ; the particular medium 
appeared not to be a controlling factor. The use of these tech- 
niques to facilitate inservice education of teachers appeared to 
have promise, but little light was shed on how they can be used, 
either individually or in combination, to serve best the educational 
needs. 

The search for criteria to predict success in further study ot 
mathematics continued to intrigue investigators. No new clues 
were uncovered in the three studies reported. While teacher 
marks may not be accurate measures of subject matter achieve- 
ment, grades earned in high school mathematics were better indi- 
cators of success in college courses than IQ scores or scores from 
a mathematics placement test. The search might become more 
fruitful if the construct of mathematical ability could be more 
clearly defined. 

Issues considered in the research are discussed in the following 
series of questions and answers. 



What are the mathematical competencies of elementary school 
teachers of mathematics? 

Female teacher-education students in a Southern liberal arts 
college were found to be mathematically less competent than the 
noneducation majors in the junior and senior classes. Although 
not generally different from other students in college admission 
requirements, the teacher-education students ranked lower in the 
college-related variables of mathematical competence (142). 

A survey of a group of elementary school teachers in Tennessee 
revealed that 23 percent had had no college mathematics. There 
was no significant relationship between the extent of college 
training in mathematics and attitudes toward modern mathe- 
matics. As the amount of education increased, however, the num- 
ber with a favorable attitude increased (101) . 

Another study revealed that teachers who have had college 
mathematics have a better grasp of basic mathematical concepts 
than those who have not had college mathematics. Teachers who 
have a high degree of understanding of the basic concepts have a 
favorable attitude toward mathematics (21) . 
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A study of selected arithmetic understandings of undergraduate 
students in education showed that operations with fractions repre- 
sent one of the concepts least understood (21, 24, 111) . 

An examination of mathematics textbooks used in courses for 
elementary school teachers showed an emphasis on topics from 
arithmetic, number theory, and approximate computation. Some 
texts included topics from algebra, statistics, elementary logic, 
and informal geometry (139). The same study revealed that of 
the eight items selected from arithmetic, number theory, statistics, 
elementary logic, and informal geometry, no teacher knew as 
many as four. 

The education of elementary school teachers was so lacking in 
mathematics according to one study that the investigator recom- 
mended making 2 years of high school mathematics a college 
entrance requirement for prospective elementary teachers (100). 

What is the proper preparation of secondary school teachers 
of mathematics? 

In a North Carolina survey of the preparation of secondary 
school mathematics teachers, the typical respondent had not 
attended a summer session since 1950. The work of only one of 
the four most influential national groups affecting secondary 
mathematics teaching was known by as many as one-half of all 
respondents (163). Many of those currently prepared to teach 
mathematics are unfamiliar with the program in which they may 
begin their teaching careers (50) . 

More than half the responding participants in an NSF summer 
institute held a master’s degree and more than 40 percent had 
taken 30 or more semester hours of college mathematics. Partici- 
pants rated the topic of trends and developments in secondary 
mathematics as most valuable (168). A poll of the directors of 
the 1961 NSF Summer Institutes on content for a fifth-year course 
for mathematics teachers indicated general agreement on topics 
from algebra, probability, and statistics, but a lack of agreement 
on content for geometry (179). Generally, participants in NSF 
institutes introduced new topics and integrated them into the 
traditional mathematics courses (30). There were strong indica- 
tions that administrative policies were primary deterrents to 
additional curriculum change (170). 

A large percentage of a group of experienced teachers and 
undergraduate trainees were unsure of the meaning of the terms 
“sufficient conditions” and “necessary conditions” when used to 
reach a logical conclusion (20). 
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A test was developed to measure a teacher’s skill in solving 
teacher-pupil discussion problems in secondary school mathe- 
matics (85). 

A comparison between pupil achievement when units of mathe- 
matics were taught by student interns and when taught by 
inservice teachers showed no significant difference (37). 



Is televised instruction effective ? 

Comparable lectures, whether delivered by television or in per- 
son seemed to produce comparable learning. The fact that during 
the followup period a different instructor presented approaches to 
the mathematical topic different from those presented in the tele- 
vision lecture did not significantly alter the achievement initially 
obtained (8). In another study, three variations of followup pro- 
cedures produced no significant differences in achievement (174). 
Two other studies indicated that televised instruction was not 
more effective than the traditional method of instruction (75, 
176). 

How effective is programed instruction in teaching 
mathematics? 

Conventional classroom instruction in elementary statistics was 
no more effective than programed instruction cohering the same 
topic. The average time needed by the programed instruction 
group was only 66 percent as great as the average time needed by 
the conventional instruction group (146). Programed instruction 
in a college algebra course was found to be more effective than the 
conventional treatment (69). Experimentation with nonwordal 
programing gave hope for teaching mathematics to students from 
varied population groups ( 145) . 

As a supplement to televised instruction, programed instruc- 
tion was more effective than kinescope viewings of solutions of 
homework problems or a teacher-help session (90) . 

How can success in college mathematics he predicted? 

One study found the number and type of high school mathe- 
matics course units and the grade-marks earned more valuable 
than IQ scores or mathematics placement-test scores for predict- 
ing success in college mathematics. College marks were usually 
one letter grade lower than those earned in high school mathe- 
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matics (12). Another study found that high school mathematics 
grades gave a good indication of the quality of work to ^e expected 
in the required college mathematics courses (52) . 

What uses do mathematical models have in the social sciences? 

They can be used to predict future events, to describe desirable 
behavior, to organize large masses of data, and to indicate that 
apparently different problems have elements in common. Perhaps 
their most important use is to remove ambiguity (175). 

What do studies of the college mathematics curriculum reveal? 

The teaching demands of college staffs discourage experimenta- 
tion and study of the college curriculum. However, a few colleges 
reported studies in this area. 

A followup study found that graduates employed by industry 
or government were more critical of their college's mathematics 
curriculum than were the educators, but most graduates agreed 
that the advanced program in mathematics needed improvement 
( 118) . 

One study revealed that about one-fifth of the teachers in small 
colleges held the Ph. D. degree. Because of the lack of well- 
prepared teachers the small colleges find it difficult to offer 
advanced courses in mathematics (38). 

One investigator developed a process for the selection of content 
for a modern course in freshman mathematics (108). A required 
course in freshman mathematics and physics at Amherst College 
obtained experimental support (172), as did an integrated course 
in a 2-year community college (132) . 

It was recommended that, in a liberal arts college where mathe- 
matics is required for all students, a course be designed especially 
for the nonmathematics nonscience major (26). 

What is the role of an editor in the production of arithmetic 
textbooks? 

Little research has been done on this question. One recent 
study concludes that "As custodian of the publisher’s investment 
in the arithmetic series, the editor is responsible for everything 
which contributes to producing textbooks which meet an educa- 
tional need at the time that need is felt. As custodian of the 
author’s interests, the editor is responsible for the best possible 
program as it performs in the classroom” (121). 
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Recommendations 

Teams of Researchers. — Many research problems can only be 
solved by teams, but few of the studies reported were team 
efforts. It was unfortunate that considerable time and money 
were spent by a number of individuals on problems that were too 
big and too complicated for any one person ; in such cases little or 
no progress was made other than meeting the requirements for a 
degree. Research by beginners and college staff should be 
coordinated, and teams of research workers should be drawn from 
more than one institution of higher learning. This recommenda- 
tion holds high priority. 

Identification of Crucial Problems. — Closely associated with the 
first recommendation is that crucial problems in mathematics 
education be identified. Many of the proposed research problems 
reported in this study were fuzzy in purpose and procedure. Some 
of the flaws were only minor ones, but many were symptomatic 
of a widespread misidentification of basic problems. Too much 
time ha3 been spent on questions like, Is programed instruction 
better than teacher instruction? We know by now that there is 
no one best method for all pupils. The important question seems 
to be: How can programed instruction be used effectively with 

which topics and with which pupils? 

The most able mathematics educators should identify specific, 
crucial problems and should distinguish those that should be 
attacked by teams from those that might best be studied by 
individuals. This identification could be made through confer- 
ences at the local, State, or National level, or through a basic 
research project. 

Reporting of Research. — The third recommendation is that all 
research be clearly reported and that the pertinent research be 
given wide publicity. 

Many of the studies reflected unrelated objectives and inade- 
quately described procedures. Statistical treatment in many cases 
was not appropriate for the raw data. In some cases the con- 
clusions did not follow from the given data, or perhaps the conclu- 
sions were valid but the results of the experimentation poorly 
described. To improve research in mathematics educat on, 
leaders in the field must become more critical of both the design 
and the reporting of studies. 

Some of the studies containing mere compilations of existing 
data were never published. Others were outlines and proposals 
for mathematics courses confined to a few carbon copies. Unpub- 



